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POSTFUNCTIONALIZATION OF POLYCARBONATES VIA SEQUENTIAL 
MICHEAL ADDITION AND RADICALIC THIOL-ENE CLICK 
REACTIONS 
SUMMARY 
Biocompatible, biodegradable, or bioresorbable polymers being used in biomedical 
and environmental applications, such as medical implants and drug-delivery systems. 
As a kind of surface erosion biodegradable materials, aliphatic polycarbonates were 
usually derived from ring-opening polymerization (ROP) and have gained increasing 
interest for their potential use in biomedical and pharmaceutical applications due to 
their favorable biocompatibility, biodegradability, and nontoxicity.  
Nowadays, alternative routes such as the Thiol-ene click reactions which can be 
classified under the term “click chemistry” have emerged as a powerful tool for the 
modification of co-polymers. 
One of the most used strategie is co-polymerization which has developed as to adjust 
the properties of polymeric materials. The combination of two polymers into a single 
entity is generally advantageous because the co-polymers may integrate the merits of 
the original homopolymers. 
Ring-opening polymerization (ROP) of carbonates seems of the most effective method 
to fabricate polycarbonates with good reproducibility and high quality (high molecular 
weight and low polydispersity). From this point of view, in this thesis, the design and 
synthesis of pendant functional group containing co-polymers of PC-Allyl/Acrylate 
with a well-defined molecular architecture and molecular weight was described. 
In this study, synthesis of acrylate and allyl functional cyclic carbonate monomers, (5-
methyl-2-oxo-1,3-dioxan-5-yl)methyl acrylate and allyl 5-methyl-2-oxo-1,3-dioxane-
5-carboxylate, was achieved by the reaction of 3-hydroxy-2-(hydroxymethyl)-2-
methylpropyl acrylate and allyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate 
with ethyl chloroformate in tetrahydrofuran at room temperature, respectively. The co-
polymerization of these acrylate and allyl functional cyclic carbonate monomers was 
carried out successfully via ring-opening polymerization (ROP) using benzyl alcohol 
as initiator, 1,8-diazabicyclo[5.4.0]undec-7-ene and 1-(3,5-bis(trifluorometh1-(3,5-
bis(trifluoromethyl))-3-cyclohexyl-2-thiourea, as catalyst system. Subsequently, the 
resulting polymer having two different orthogonal functionalities, side chain vinyl and 
acrylate, is selectively modified via two sequential thiol-ene click reactions, 
nucleophilic thiol-ene coupling via Michael addition and photoinduced radical thiol-
ene. The composition and molecular weight of the polycarbonates were characterized 
by 1H NMR and GPC. 
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FONKSİYONEL POLİKARBONATLARIN MICHEAL KATILMASI VE 
RADİKALİK TİYOL-EN ‘CLICK’ REAKSİYONLARI İLE 
MODİFİKASYONU 
ÖZET 
Biyolojik olarak uyumluluk, kolay parçalanabilme veya yüksek emilim gibi birtakım 
özellikli polimerlere olan ilgi son zamanlarda artmıştır. Bu polimerler medikal 
implantlar ve ilaç-taşıma sistemleri gibi biyomedikal ve çevresel uygulama alanlarında 
kullanılmaktadır. Yüzey erozyonunun bir çeşidi olan biyo çözünür malzemelerin bir 
çeşidi olan alifatik polikarbonatlar genellikle halka açılma polimerizasyonu (ROP) 
yoluyla elde edilir. Ayrıca sahip oldukları  biyolojik uyumluluk, kolay parçalanabilme 
ve toksik olmama özelliklerinden dolayı biyomedikal ve ilaç uygulamalarında tercih 
edilir. 
Aşı polimerler sahip olduğu lineer olmayan yapısı, farklı bileşimi ve topolojisi 
nedeniyle önemli bir ilgiye sahiptir. Dallı yapılarından dolayı genellikle düşük 
vizkozite değerlerine sahiptir ve bu durumda polimerin işlenme koşullarını 
kolaylaştırır. Ayrıca, aşı polimerler lineer polimerlere kıyasla daha iyi fiziksel ve 
kimyasal özelliklere sahiptirler. 
Son yıllara kadar, elde bulunan sistemler yaşayan iyonik polimerizasyonlardı (anyonik 
ve katyonik). Bu sistemler sayesinde moleküler ağırlığı kontrol edilebilen, zincir sonu 
olan ve düşük polidipersiteye sahip polimerler elde edilebilir. Son yıllarda ise 
kompleks makromoleküllerin sentezinde kullanılan kontrollü/yaşayan polimerizasyon 
metotlarının kullanımı arttı. İyonik polimerizasyona göre  monomerlerin fazla çeşitli 
olması ve deney koşullarının daha rahat olması bunun başlıca sebebidir.  
Kontrollü /yaşayan polimerizasyon tekniklerinden biri olan ATRP kendinden önceki 
kontrollü radikal polimerizasyon yöntemlerinden (iyonik, kararlı serbest radikal 
polimerizasyonu gibi), karmaşık polimer yapıları üretimine izin vermesi ile ayrılır.Bu 
polimerizasyon yöntemi, sıcaklık gibi reaksiyon parametrelerinin kontrolü ile kolayca 
durdurulup yeniden başlatılabilir. ATRP’den önce ortaya çıkan kontrollü 
polimerleşme yöntemlerinde her çeşit monomer kullanılamamasına karşın, ATRP 
mekanizmasında geniş bir monomer yelpazesine ulaşılabilir. Kontrollü ve düzenli 
büyüyen polimer zinciri ve düşük molekül ağırlığı dağılımı (polidispersite), ATRP 
mekanizması sırasında kullanılan metal bazlı katalizör sayesinde elde edilir. 
Halka açılma polimerizasyonu (ROP) siklik monomerin lineer polimer oluşturmak 
üzere açıldığı tek polimerizasyon yöntemidir. Laktit, karbonat gibi siklik esterlerin 
halka açılma polimerizasyonu kontrollü poliester sentezinde genel ve etkin bir 
metottur. Polimerizasyon yöntemlerine ek olarak, düşük polidispersite indisleri ve uç 
gruplarda yüksek uyumluluk gibi birçok gelişmiş uygulama, ağır metaller gibi 
istenmeyen kirliliklerin katalizörlerden uzaklaştırılmasını gerektirir. Bu amaçla siklik 
esterlerin metalsiz halka açılma reaksiyonlarına organokatalitik yaklaşımlarda 
bulunulmuştur. 
Günümüzde, ‘click’ kimyası terimi altında sınıflandırılan Diels-Alder (DA), bakır 
katalizli azid-alkin siklokatılması (CuAAC) ve tiyol-en tepkimeleri blok ve aşı ko-
 xxii 
 
polimerlerden karmaşık makromoleküler yapılara kadar değişen birçok polimerik 
malzemenin sentezinde başarılı bir şekilde uygulandı ve blok, aşı ve yıldız 
polimerlerin eldelerinde güçlü bir alternatif yöntem olarak ortaya çıktı.  
‘Click’ kimyası hızlı, etkin, güvenilir ve seçici olmak gibi özelliklere sahip olmasının 
yanı sıra yeni ilaç araştırma ve biyokimya çalışmalarında geniş olarak kullanılır. 
‘Click’ kimyasında en popüler reaksiyonlardan biri Huisgen 1,3-dipolar siklik 
katılması reaksiyonudur. Oda sıcaklığında olan  azid ve alkin nin reaksiyonunda Cu(I) 
kataliz olarak kullanılır. Bu reaksiyonun çok tercih edilmesinin sebebi reaksiyon 
şartlarının basit olması, yan ürün olmaması, verimin yüksek olması ve saflaştırmanın 
kolay olmasıdır. Bu reaksiyon mekanizması ile ilgili Emrick’in yaptığı ilk 
çalışmalardan bu yana, biyolojik olarak ‘click’ kimyası ve halka açılma 
polimerizasyonu metotlarının kullanıldığı bir çok çalışma yapılmıştır. Fakat, ‘click’ 
kimyası kullanılarak polikarbonatların modifikasyonunu içeren çalışmaların sayısı 
azdır. 
Ko-polimerizasyon, polimerik malzemelerin özelliklerini değiştirme ve ayarlamada 
kullanılan önemli bir yöntemdir. İki polimerin tek olacak şekilde bir araya gelmesi, 
ko-polimerlerin orijinal polimerin meritlerine kadar girebilmesi nedeniyle avantajlıdır. 
Aşı ko-polimerler, moleküler fırça olarak da bilinirler, sahip oldukları özellikler ve 
şekilleri sayesinde oldukça popülerdirler. 
Basit halka açılma ko-polimerizasyonu ile kontrollü olarak fiziksel ve mekanik 
özellikleri belirlenebilen polikarbonat ko-polimerler elde edilir. Karbonatların halka 
açılma polimerizasyonu ile yüksek kaliteli (yüksek moleküler ağırlık ve düşük 
polidispersite) polikarbonatların elde edilmesi oldukça efektif bir metottur.  Bu 
çalışmada, belirlenebilir moleküler ağırlığa ve yapıya sahip olan  PC-Allil-Akrilat ko-
polimerinin dizaynı ve sentezi konu edilmiştir. Ayrıca allil ve akrilat gruplarının 
tiyollu bileşikler ile fonksiyonlandırılması anlatılmıştır. 
Siklik karbonat monomerlere pentaflorofenilester, azid, allil, alkil halojenür, hidroksil 
(met)akrilat, stiren, furan, maleimid, ve vinil gibi fonksiyonel grupların eklenmesi, 
sonuçta elde edilen polikarbonatların fiziksel, kimyasal ve biyolojik özellikleri 
üzerinde etkin bir denetim sağlar. Ayrıca polikarbonatlardaki bu asılı fonksiyonel 
grupların yüksek etkinlikli ‘click’ tepkimeleri ile tekrar türevlendirilmeleri iyi 
tanımlanmış son ürünlerin eldesine yol açacaktır.  
Yapılan çalışmada fonksiyonel alifatik polikarbonat zincirleri sentezlenmiştir ve metal 
içermeyen ikili ‘click’ tepkimeleri ile türevlendirilmiştir. Çalışmanın kilit unsuru yeşil 
kimyadır. Bilindiği gibi yeşil kimyanın önemi günümüzde gittikçe artmaktadır. 
Sentetik kimyacılar, toksik özellik gösteren metallerin sentezlerde kullanılmalarına 
alternatif oluşturacak yeni yöntemlerin geliştirilmesi için yoğun çaba sarf 
etmektedirler. Bu çalışmada da yeşil kimyaya paralel olarak hem polimerin sentezinde, 
hem de türevlendirilmesinde toksik metal içermeyen yöntemler kullanılmıştır. 
Çalışmanın ilk bölümünde metalsiz ikili ‘click’ tepkimelerine olanak tanınlanmıştır, 
farklı fonksiyonel gruplara sahip (allil, akrilat) siklik karbonat monomerleri 
sentezlendi ve karakterize edilmiştir. Bu monomerler metal içermeyen katalizör 
sistemi ile oda sıcaklığında aynı anda polimerleştirilmiştir ve elde edilen polimer 
ayrıntılı bir şekilde karakterize edilmiştir. Çalışmanın devamında iki farklı fonksiyonel 
yan grup içeren alifatik polikarbonat zinciri, tiyol-en ‘click’ tepkimesi ile 
türevlendirlmiştir. Böylece, polimerin sentezinde ve türevlendirilmesinde hiçbir 
şekilde toksik özellik gösteren metal kullanılmamıştır.  
Allil ve akrilat fonksiyonlu halkalı karbonat monomerleri, (5-metil-2-okso-1,3-
dioksan-5-il)metil akrilat ve allil 5-metil-2-okso-1,3-dioksan-5-karboksilat, oda 
sıcaklığında sırasıyla 3-hidroksi-2-(hidroksimetil)-2-metilpropil akrilat ve allil 3-
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hidroksi-2-(hidroksimetil)-2-metilpropanoatın etil kloroformat ile tetrahidrofuran 
kullanılarak yapılan reaksiyonları ile sentezlenmiştir. Allil ve akrilat fonksiyonlu 
halkalı karbonat monomerlerinin ko-polimerizasyonu, benzil alkol başlatıcılığında, 
1,8-diazabisiklo[5.4.0]undek-7-en ve 1-(3,5-bis(trifloromethil)fenil)-3-siklohekzil 
tiyoüre  katalizörlüğündeki halka açılma polimerizasyonu ile gerçekleştirilmiştir. 
Çalışmanın sonraki kısmında antrasen ve allil fonksiyonlu polikarbonat zinciri uygun 
koşullardaki ‘click’ reaksiyonları ile (Tiyol-en ve ‘Micheal’ katılması) model 
bileşiklerle modifiye edilmiştir. Polikarbonatların molekül ağırlığı ve kompozisyonları 
1H NMR ve GPC ile karakterize edilmiştir. 
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1.  INTRODUCTION 
Polymers having carbonate groups (–O–C=O–O–) in the main chain so called 
polycarbonates are carbonic acid esters of diphenols or diols and are therefore divided 
into poly(aromatic carbonate)s and poly(aliphatic carbonate)s. Technically, both 
classes of polymer are prepared via the polycondensation of carbonic acid derivatives 
with diphenols or diols, by a step - growth mechanism. The best known polycarbonate-
based plastic is one prepared from bisphenol-A and phosgene or diphenyl carbonate 
as the carbonic acid source. This polycarbonate is characterized as a very durable 
material with good optical and mechanical properties, and is appreciated for its high 
impact resistance, high transparency to visible light and excellent light transmission 
characteristics; hence, it is suitable for many technical applications. Poly(aliphatic 
carbonate)s are well-known biodegradable materials, and are employed for the 
development of specialty polymers. The ring–opening polymerization (ROP) of cyclic 
carbonates discloses an alternative route to polycarbonates, which follows a chain-
growth mechanism comprising chain initiation and chain propagation with 
termination, transfer and transesterification reactions being absent in the ideal case. 
Under suitable conditions, the ROP of cyclic carbonates fulfils the prerequisites for a 
controlled polymer synthesis. Beside the molecular weight and molecular weight 
distribution, the polymer microstructure and the nature of end-groups, as well as 
polymer architecture, can be controlled.[9] 
Since the first report of the use of 4-dimethylaminopyridine (DMAP) for the ring-
opening polymerization (ROP), the field of organic catalysis for ROP has expanded 
rapidly, and a wide range of choices from which to choose an appropriate catalyst now 
exist. Following the report of DMAP as an ROP catalyst[11], other nucleophilic bases 
were investigated for activity in ROP.[3] 
 In 2005, the report of the application of the bifunctional thiourea-amine catalyst 
(TU/A) for the ROP of lactide marked a paradigm for the field (Figure 1.1). With this 
catalyst, ROP proceeded by concurrent activation of the monomer by the hydrogen-
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bond-donating thiourea and the initiating/propagating alcohol by the hydrogen bond-
accepting tertiary amine.[3] 
  
 Examples of “supramolecular” catalysts commonly applied in 
organocatalytic ring-opening polymerization: (a) conjoined 
thioureaamine (TU/A); (b) (−)-sparteine; (c) tris[2-
(dimethylamino)ethyl]-amine (Me6TREN); (d) thiourea cocatalyst (e) 
sulfonamide; (f) amide; (g) fluorinated alcohol; (h) phenol. 
The application of more strongly basic amines than (−)-sparteine resulted in ROP of 
lactide without the requirement for the additional H-bond donor cocatalyst. 
Specifically, the commercially available base 1,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU) has proven to be a valuable ROP catalyst and has been applied by a wide range 
of researchers (Figure 1.2). DBU displays high catalytic activity with >98% monomer 
conversion being observed within 2 h.[3] 
Along with this knowledge, 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and thiourea 
(TU) cocatalyst were chosen to be appropriate catalyst system. Cyclic functional 
carbonate monomers were synthesized by few organic synthesis steps involving ring-
closing reaction of ethyl chloroformate to obtain cyclic carbonate monomer (Figure 
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1.3). Using both allyl and acrylate functional cyclic carbonates, ring-opening 
polymerization initiated by benzyl alcohol along with DBU/TU catalyst system. 
 
 
 “Super base” catalysts commonly applied in organocatalytic ring-
opening polymerization: (a) 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU); 
(b) 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene (MTBD); (c) 1,5,7-
triazabicyclo[4.4.0]dec-5-ene (TBD); (d) general structure of a 
phosphazene base. 
Polymerization carried out successfully with low polydispersity index and high 
efficiency. Modifications on the polymer accomplished by Micheal addition and thiol-
ene photo click using various types of thiol molecules including cysteine and 2-
mercaptoethanol as biocompatible molecules. 
 
 Ring-closing reaction of a functional diol to cyclic carbonate monomer. 
 
 General pathway of modification on PC(acrylate20-co-allyl20). 
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2.  THEORETICAL PART 
2.1 Ring-Opening Polymerization (ROP) 
In the past decades, increasing attention has been paid to biocompatible, biodegradable 
or bioresorbable polymers because of their potential uses in biomedical and 
environmental applications, such as medical implants and drug-delivery systems. As a 
kind of surface erosion biodegradable materials, aliphatic polycarbonates are usually 
derived from ring-opening polymerization (ROP) of six-membered cyclic carbonate 
monomers and have gained increasing interest for their potential use in biomedical and 
pharmaceutical applications due to their favorable biocompatibility, biodegradability, 
and nontoxicity. To improve hydrophilicity, degradation rate, and mechanical 
properties of polycarbonates, various functional groups such as carboxyl, amino, 
hydroxyl, etc., were introduced through co-polymerization with functional carbonate 
monomers.[23] 
Co-polymers of carbonates such as trimethylene carbonate (TMC) with other cyclic 
monomers such as lactide and glycolide have already found application as sutures and 
in other biomedical fields such as controlled drug delivery on account of the favourable 
materials properties that they bestow into the co-polymers.[18] 
ROP of cyclic carbonates occurs via anionic polymerization with initiators such as sec-
butyllithium, sodium and potassium naphthalene, lithium, sodium, and potassium 
alkoxides or via coordination–insertion with various metal compounds such as 
magnesium, aluminium, tin, zinc, lanthanum, neodymium, samarium, gadolinium, 
erbium and yttrium. Very recently, metal-free catalysts (amidines and guanidines) 
have proved highly efficient as well.[16] The application of metal-free strategies to 
mediate ring–opening polymerization (ROP) reactions has developed into an 
important aspect of the field. Metal-free strategies for the synthesis of polymers 
provide several advantages over those that require metals to mediate the process, the 
most obvious being the absence of the costly removal of metal impurities from the 
resultant polymers. Many of these systems also offer enhanced stability to trace 
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impurities such as water and oxygen, making the preparation and storage of catalysts 
extremely simple.[2] 
Recently, Bourissou and co-workers showed that the ROP of 1,3-dioxolane-2,4-diones 
(O-carboxyanhydrides, OCAs) catalyzed by DMAP provided an excellent alternative 
method for the synthesis of PLA[20]. The ROP of the lactic acid–OCA (L-lacOCA) 
revealed that complete conversion of the OCA occurred in 5 min at room temperature, 
at a monomer:initiator:catalyst ratio of 20:1:1. In this way, well-controlled PLAs could 
be synthesized with good control and displaying a linear increase of molecular weight 
with monomer conversion to produce polymers with narrow polydispersities (<1.22). 
The ‘living’ character of the polymerization was further confirmed by demonstration 
of the end-group fidelity of the polymers, and the finding that polymerization could be 
reinitiated by the addition of a second batch of monomer to a polymerization 
experiment. Polymerization was proposed to occur via monomer activation by 
nucleophilic attack of DMAP at the most electrophilic carbonyl group of lacOCA, 
followed by esterification with the initiating/propagating alcohol and concurrent loss 
of carbon dioxide (Figure 2.1). This liberation of a gaseous byproduct provides a 
considerable driving force for the reaction.[2]  
 
Figure 2.1 : ROP of OCA by DMAP. 
The activation of initiating and propagating alcohols by strong nonionic bases can be 
utilized to enable the polymerization of strained cyclic ester monomers, such as lactide. 
Both DBU and MTBD are highly active catalysts at room temperature for ROP 
process, providing low PDI and short polymerization time at room temperature.[2] 
Liu, Chen and Fang applied a phthalimide-modified chitosan to synthesize poly(ε-
caprolactone), both grafted to the phthaloylchitosan and free in solution in the absence 
of additional catalyst[10]. The application of chitosan and starch under the same 
conditions did not produce polymer, which suggested that the phthalimido group 
played an important role in the polymerization. Further investigations applying N-
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butylphthalimide and N-benzylphthalimide as catalysts, and benzyl alcohol as an 
initiator, in the homopolymerization of ε-caprolactone led to the production of 
polymers with predictable molecular weights, narrow polydispersities and end-group 
fidelity.[2] 
Supramolecular activation as a key aspect of ROP was also recently exploited by 
Hedrick, Waymouth and co-workers. The application of a conjoined bifunctional 
thiourea–tertiary amine compound (Figure 2.2) was shown to be a highly efficient 
catalyst for the ROP of lactide.[4] The absence of strongly hydrogen–bonding solvents 
was shown to be essential in order to support ROP, and as such a majority of the studies 
were carried out as solutions in DCM. The polymerizations demonstrated remarkable 
control, with the molecular weight increasing in linear fashion with respect to 
monomer conversion, and corresponding well with the monomer:initiator ratio, 
producing polymers with narrow polydispersities (<1.08). Although the system 
required quite high catalyst loadings (up to 10 mol%) and long reaction times to reach 
high degrees of polymerization, the final polymer product was shown to be remarkably 
resistant to transesterification.[2] 
 
Figure 2.2 : Thioureas, amidines and guanidine bases for ROP. (a) Thiourea amine; 
(b) 1-cyclohexyl-3-(3,5-bistrifluoromethylphenyl)thiourea; (c) (–)-
Sparteine; (d) DBU; (e) MTBD; (f ) TBD. 
2.1.1 Anionic ring-opening polymerization 
Ring-opening polymerizations using nucleophilic reagents as initiators can be 
categorized into ‘anionic ROP’, a general mechanism for which is shown in Figure 
2.3. Nucleophilic reagents applicable to initiation most often involve organometals 
(alkyl lithium, alkyl magnesium bromide, alkyl aluminum, etc.), metal amides, 
alkoxides, phosphines, amines, alcohols and water. Monomers capable of undergoing 
anionic ROP possess polarized bonds such as ester, carbonate, amide, urethane and 
phosphate, which allow generation of the corresponding polyester, polycarbonate, 
polyamide, polyurethane and polyphosphate, respectively.[6] 
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Figure 2.3 : General Mechanisms in Ring-Opening Polymerization. 
2.1.2 Cationic ring-opening polymerization 
In contrast to anionic ROP, ‘cationic ROP’ represents another class of polymerization 
where ‘electrophilic’ reagents are used as initiators. A general mechanism for cationic 
ROP is described in Figure 2.4, where the initiators with an electrophilic nature most 
often involve Brønsted acid, Lewis acid and alkyl esters of strong organic acids such 
as sulfonic acid. Similar to the monomers capable of anionic ROP, those able to under- 
 
Figure 2.4 : General mechanism for cationic ROP. 
go cationic ROP have polarized bonds represented by Y–X, where Y (atom or 
functional group) has a lone electron pair so that it can act as Lewis base to react with 
electrophiles. X, which will become a cationic center as a result of the ring–opening 
reaction, should be an atom in an electron-rich situation, such as an alkoxy-substituted 
carbon atom. In this way the ring-opening reaction of the monomer will be triggered 
by a nucleophilic attack of Y towards the electrophilic initiator (represented by E+). 
The resulting cationic species, which have a cyclic structure, can be attacked by Y in 
another molecule of the monomer to undergo a ring-opening reaction (SN
2 
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mechanism); alternatively, they can undergo a ring – opening reaction spontaneously 
to produce an acyclic cationic species that will be attacked by the monomer (SN
1 
mechanism).[6] 
2.2 Click Chemistry 
In 2001, Sharpless et al. described a new concept for conducting organic reactions, 
which was based upon the premise that organic synthesis should take advantage of the 
long history of development and progress during the 20th century and focus attention 
on highly selective, simple orthogonal reactions that do not yield side products and 
that give heteroatom-linked molecular systems with high efficiency under a variety of 
mild conditions. Several efficient reactions, which are capable of producing a wide 
catalogue of functional synthetic molecules and organic materials have been grouped 
accordingly under the term click reactions. Characteristics of modular click reactions 
include a) high yields with by-products (if any) that are removable by non-
chromatographic processes, b) regiospecificity and stereospecificity, c) insensitivity to 
oxygen or water, d) mild, solventless (or aqueous) reaction conditions, e) orthogonality 
with other common organic synthesis reactions, and f) amenability to a wide variety 
of readily available starting compounds. Molecular processes considered to fit all or 
most of these criteria include certain cycloaddition reactions, such as the copper(I)-
catalyzed 1,3-dipolar cycloaddition of azides and alkynes, and nucleophilic ring-
opening reactions. Copper-catalyzed azide/alkyne click reactions in particular have 
received the most attention, with applications extending to the synthesis of biomedical 
libraries, dendrimer preparation, synthesis of functional block co-polymers, cross-
linking of adhesives for metal substrates (copper/zinc), synthesis of uniformly 
structured hydrogels, derivatization of cellular surfaces, the in situ preparation of 
enzyme inhibitors, and many others.[7] 
2.2.1 Thiol-ene click reaction 
Highly efficient reactions of thiols with reactive carbon–carbon double bonds, or 
simply “enes”, were noted in a much cited article in 1905, which clearly indicated that 
the general concept of reactions between thiols and enes was well known in the early 
1900s. During the last century, two thiol reactions of particular note emerged 
(generalized in Figure 2.5): thiol–ene free-radical addition to electron-rich/electron-
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poor carbon–carbon double bonds, and the catalyzed thiol Michael addition to 
electron-deficient carbon–carbon double bonds.[7] 
 
Figure 2.5 : General thiol-ene coupling by a) free-radical and b) Micheal addition 
reactions. 
The reaction of thiols with enes, whether proceeding by a radical (termed thiol–ene 
reaction) or anionic chain (termed thiol Michael addition), carry many of the attributes 
of click reactions. These attributes include achieving quantitative yields, requiring 
only small concentrations of relatively benign catalysts, having rapid reaction rates 
with reactions occurring either in bulk or in environmentally benign solvents over a 
large concentration range, requiring essentially no clean up, being insensitive to 
ambient oxygen or water, yielding a single regioselective product, and the ready 
availability of an enormous range of both thiols and enes. This exceptional versatility 
and its propensity for proceeding to quantitative conversions under even the mildest 
of conditions makes thiol–ene chemistry amenable to applications ranging from high 
performance protective polymer networks to processes that are important in the 
optical, biomedical, sensing, and bioorganic modification fields. Accordingly, both the 
thiol–ene radical and thiol Michael addition reactions are now routinely referred to in 
the literature as thiol click reactions.[7] 
There are four basic types of thiol structures typically encountered (Figure 2.6): alkyl 
thiols, thiolpropionate thiols, thiolacetate (i.e. thiol glycolate) thiols and aromatic 
thiols. In addition to the base thiol structures, the corresponding thiolates and thiyl 
radicals are also shown in Figure 2.6. Arrows indicate the corresponding direction of 
increasing pKa of the conjugate acids, hydrogen abstractability (by radicals), 
nucleophilicity (thiolates) and electrophilicity (thiyl radicals). Each thiol type in Figure 
2.6 is different with respect to participation in radical and Michael addition reactions. 
The nature of the basic thiol group and the corresponding thiyl and thiolate species 
provides for an interesting scenario: the highly efficient thiol-based reactions occur 
with a variety of very useful and readily available organic substrates. Specifically, 
electron rich enes (radical), alkynes (radical), electron poor enes (Michael addition), 
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isocyanates (carbonyl addition), epoxies (SN
2 ring opening), and halogens (SN
2 
nucleophilic substitution) all readily react with thiols, thus constituting a literal toolbox 
of efficient chemical reactions as depicted in Figure 2.7.[8] 
 
Figure 2.6 : Structures of various thiol, thiolate and thiyl radical types. 
Each of the reactions in this thiol-based toolbox has many of the aspects of click che- 
 
Figure 2.7 : Toolbox of thiol-click reactions. EWG=electron withdrawing group, X= 
Br, I and R1= aliphatic or aromatic organic/bioorganic groups. 
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mistry, namely they are rapid, proceed to high conversions under mild reaction 
conditions, react either neat or in benign solvents, where applicable are regioselective, 
and generally lead to one product that requires either little or no purification. This 
behaviour allows for taking a series of thiols and creating/functionalizing/modifying 
an exceptional range of molecules and materials with physical, mechanical and 
chemical properties that can be altered to meet an extensive scope of requirements.[8] 
2.3 Functional Polycarbonates 
Biodegradable polymers have been widely used and have greatly promoted the 
development of biomedical fields because of their biocompatibility and 
biodegradability. Synthetic biodegradable polymers have found more versatile and 
diverse biomedical applications because of their tailorable designs or modifications. 
Most commonly used degradable materials for the preparation of clinical devices are 
aliphatic polyesters and copolyesters. From this point, aliphatic polycarbonates are 
good materials because they have functionalizable side chains (OH, NH2, COOH, etc.) 
can easily meet the need for functionalization of biomaterials. 
Furthermore, aliphatic polycarbonates have good biocompatibility, low toxicity and 
good biodegradability. High molecular weight aliphatic polycarbonates can be 
prepared by the ROP of cyclic carbonates. 
The most commonly used cyclic carbonates for ROP are five- and six-membered 
cyclic monomers. A great variety of functional cyclic carbonate monomers have been 
successfully used for homopolymerization and co-polymerization with various 
heterocyclic monomers through ROP.[21] 
Recently, Hedrick et. al. surveyed a Lewis base (1,8-diazabicyclo[5.4.0]undec-7-ene, 
DBU) for the ROP of trimethylenecarbonate (TMC) based on organocatalysis and 
synthesized a variety of functional polycarbonates. Since DBU is purely organic, it is 
particularly suitable for use in the synthesis of biomaterials [15]. 
In this thesis, aliphatic polycarbonate chains are synthesized via ring-opening 
polymerization. In the literature, it is mentioned that, a lot of scientists used some 
techniques to synthesize aliphatic polycarbonate chains. These techniques will shortly 
summarized by next examples. 
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Jianwen Xu and co-workers  synthesized well-defined functional polycarbonates and 
poly(ester-carbonates), in this study, they prepared azido-functionalized cyclic 
carbonate monomer, AzDXO, that exhibited controlled/“living” ring-opening 
polymerization kinetics under the catalysis of 1,8-diazabicyclo[5.4.0]undec-7- ene. 
Homopolymerization of AzDXO and co-polymerization of AzDXO with lactide 
resulted in polycarbonate and poly(ester-carbonates) with well-defined composition 
and narrow polydispersity. Further side-chain functionalizations of these polymers 
were accomplished under facile conditions via copper-catalyzed or copper-free strain-
promoted azido-alkyne cyclcoaddition[22]. 
 
Figure 2.8 : Synthesis of  azido-functionalized polycarbonate via controlled/“living” 
ring-opening polymerization and functionalized with copper catalyzed or 
copper-free strain-promoted azido-alkyne cyclcoaddition. 
Pınar Sinem Omurtag and co-workers prepared well-defined polycarbonate (PC)-
block co-polymers with Diels-Alder reaction as a click reaction strategy. A well-
defined anthracene-terminated polycarbonate (PC-anthracene) was prepared using 9-
anthracene methanol as an initiator in the ring-opening polymerization of benzyl 5-
methyl-2-oxo-1,3-dioxane-5-carboxylate in CH2Cl2 at room temperature for 5h. Next, 
 
Figure 2.9 : PC-based block co-polymers (PC-b-PEG, PC-b-PMMA, and PC-b-PCL). 
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a well-defined furan protected maleimide-terminated-poly(ethylene glycol),-
poly(methyl methacrylate) and poly(ε-caprolactone) were clicked with the PC-
anthracene at reflux temperature of toluene to yield their corresponding PC-based 
block co-polymers (PC-b-PEG, PC-b-PMMA, and PC-b-PCL). The homopolymer 
precursors and their block co-polymers were characterized by using the GPC, NMR 
and UV analysis [12]. 
Daniel P. Sanders and co-workers developed an improved two-step synthetic route to 
functionalized cyclic carbonate monomers that features a novel cyclic carbonate 
intermediate with an active pentafluorophenyl ester group (MTCOPhF5). The active 
pentafluorophenyl ester of MTCOPhF5 is amenable to further substitution with 
suitable nucleophiles such as alcohols and amines to generate functionalized cyclic 
carbonates in high yields. The substitution reaction was tolerant of a wide variety of 
functionalities, including various hydrophobic and hydrophilic groups, reactive 
functionalities (via thiol-ene click chemistry or alkyl halides), and protected acids, 
alcohols, thiols, and amines. In view of the ever-increasing need for biodegradable and 
biocompatible polymers, this new methodology provides a simple and versatile 
platform for the synthesis of new and innovative materials [14]. 
 
Figure 2.10 : General synthetic route to functionalized cyclic carbonate monomers 
using pentafluorophenyl ester intermediate. 
Sarah Tempelaar and co-workers synthesized well-defined propargyl-functional 
poly(carbonate)s  via the organocatalytic ring-opening polymerization of 5-methyl-5-
propargyloxycarbonyl-1,3-dioxan-2-one (MPC) using the dual catalyst system of 1-
(3,5-bis(trifluoromethyl)phenyl)-3-cyclohexylthiourea (TU) and 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU). The resulting homopolymers showed low 
dispersities and high end-group fidelity, with the versatility of the system being 
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demonstrated by the synthesis of telechelic co-polymers and block co-polymers. The 
synthesized homopolymers with varying degree of polymerization were functionalized 
with a range of azides via copper-catalyzed Huisgen-1,3-dipolar addition or thiols via 
radical thiylation, to produce functional aliphatic poly(carbonate)s from a single 
polymeric scaffold[17]. 
 
Figure 2.11 : Propargyl-functional poly(carbonate)s  via the organocatalytic ring-
opening polymerization. 
Sebla Onbulak and co-workers described a novel strategy to synthesize and 
functionalize maleimide containing thiol reactive biodegradable polymers by the 
organocatalyzed co-polymerization of a novel furan-protected maleimide-functional 
 
Figure 2.12 : Illustrative scheme outlining the synthesis of maleimide containing 
polymers. 
 16 
carbonate monomer. Polymers obtained via ROP have pendant groups containing 
furan-protected maleimide units which, upon subjection to thermal cyclo-reversion 
reaction, yields maleimide groups that are ready to react with thiol containing 
molecules.[13] 
Sarah Tempelaar and co-workers also synthesized well-defined allyl-functional 
polycarbonates via the organocatalytic ring-opening polymerization of 5-methyl-5-
allyloxycarbonyl-1,3-dioxan-2-one using the dual 1-(3,5-bis(trifluoromethyl)phenyl)-
3-cyclohexylthiourea and (-)-sparteine catalyst system. The resulting allyl-functional 
polycarbonates obtained showed low poly-dispersities and high end-group fidelity, 
with the versatility of the system being demonstrated by the synthesis of block co-
polymers and telechelic polymers. Further functionalization of homopolymers with 
degrees of polymerization of 11 and 100 were realized via the radical addition of thiols 
to the pendant allyl functional groups, resulting in a range of functional aliphatic 
poly(carbonate)s.[19] 
 
Figure 2.13 : General synthetic pathway for polymerization and radicalic thiol-ene 
click of allyl-polycarbonate. 
Wei Chen and co-workers synthesized various functional biodegradable polymers 
which were readily prepared based on novel cyclic carbonate monomers, acrylate 
carbonate (AC) and methacrylate carbonate (MAC), by combining ring-opening 
polymerization (ROP) and Michael-type conjugate addition. AC and MAC monomers 
were synthesized in four straightforward steps from 1,1,1-tris(hydroxymethyl)ethane 
with good overall yields (ca. 40%). AC and MAC were able to co-polymerize with ε-
caprolactone (ε-CL) and D,L-lactide (LA) in toluene at 110 oC using stannous octanate 
as a catalyst, yielding biodegradable co-polymers with controlled (meth)acrylate 
functional groups and molecular weights. The acrylate groups were amenable to the 
Michael-type conjugate addition with varying thiol-containing molecules such as 2-
 17 
mercaptoethanol, 3-mercaptopropanoic acid, cysteamine, cysteine, and arginine-
glycine-aspartic acid-cysteine (RGDC) peptide under mild conditions, to provide 
biodegradable materials with vastly different functionalities (e.g., hydroxyl, carboxyl, 
amine, amino acid, and peptides) and properties (e.g., hydrophilicity, cell adhesion). 
Notably, 100% functionalization was achieved with 2-mercaptoethanol, cysteamine 
and cysteine. Initial cell culture studies demonstrated enhanced cell adhesion and 
growth on films containing functional RGDC peptides as compared to those of the 
parent co-polymer. Therefore, combination of ROP and Michael-type conjugate 
addition provides a versatile access to diverse types of functional biodegradable 
materials.[1] 
 
Figure 2.14 : Micheal-addition type conjugation on acrylate functional 
polycarbonate. 
In literature, there are many types of polycarbonates containing allyl or acrylate 
functional groups. But there is not an example of a single polycarbonate chain 
containing both allyl and acrylate groups. With these two functions, a polycarbonate 
chain can be modified by a sequential Michael addition and thiol-ene radicalic click 
reactions. An example for this type of sequential reactions were done on a  
poly(oxanorbornene imide) (PONB) chain by Hakan Durmaz and co-workers. They 
demonstrated the successful post-functionalization of poly(oxanorbornene imide) 
(PONB) with two types of double bonds using sequential orthogonal reactions, 
nucleophilic thiol-ene coupling via Michael addition and radical thiol-ene click 
reactions. First, the synthesis of PONB with side chain acrylate groups is carried out 
via ring-opening metathesis polymerization and nitroxide radical coupling reaction, 
respectively. Subsequently, the resulting polymer having two different orthogonal 
functionalities, main chain vinyl and side chain acrylate, is selectively modified via 
two sequential thiol-ene click reactions, nucleophilic thiol-ene coupling via Michael 
addition and photoinduced radical thiol-ene. The orthogonal reactivity of two diverse 
double bonds, vinyl and acrylate functionalities, for the abovementioned consecutive 
thiol-ene click reactions was first demonstrated on the model compound.[5] 
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Figure 2.15 : General synthetic pathway for functionalization of poly(oxanorbornene 
imide) (PONB) via sequential Michael addition and radical thiol-ene 
click reactions. 
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3.  EXPERIMENTAL WORK 
3.1 Materials 
2,2-bis(hydroxymethyl)propionic acid (97%, Acros), 1,1,1-tris(hydroxymethyl)ethane 
(99%, Aldrich) , triethylamine (Et3N, 99%, Sigma-Aldrich), N,N’-
dicyclohexylcarbodiimide (DCC, 99%, Aldrich), 1,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU, 99%, Fluka), allyl alcohol (97%, Aldrich), 1,4-dioxane (99.8%, Aldrich), 4-
dimethylaminopyridine (DMAP, 99 %, Acros), cyclohexylamine (99%, Aldrich), 3,5-
bis(trifluoromethyl)phenyl isothiocyanate (98%, Aldrich), p-toluenesulfonic acid 
monohydrate (98.5%, Sigma-Aldrich), 2,2-dimethoxypropane (98%, Sigma-Aldrich), 
ethyl chloroformate (98%, Fluka), acryloyl chloride (Merck), acetone (99.8% for 
HPLC, Sigma-Aldrich), Toluene (99.5%, Sigma-Aldrich), 2-mercaptoethanol (99%, 
Aldrich), N-acetyl-L-cysteine methyl ester (90%, Fluka), dichloromethane (CH2Cl2, 
99.9%, Aldrich) were used as received. Solvents unless specified here were purified 
by conventional procedures. All other reagents were purchased from Aldrich and used 
as received without further purification. 
3.2 Instrumentation 
1H NMR spectrum were recorded on an Agilent VNMRS 500 (500 MHz for proton 
and 125 MHz for carbon). The conventional gel permeation chromatography (GPC) 
measurements were carried out with an Agilent instrument (Model 1100) consisting of 
a pump, refractive index (RI), and ultraviolet (UV) detectors and four Waters Styragel 
columns (guard, HR 5E, HR 4E, HR 3, and HR 2), (4.6 mm internal diameter, 300 mm 
length, packed with 5 μm particles). The effective molecular weight ranges are 2000-
4,000,000, 50-100,000, 500-30,000, and 500-20,000, respectively. THF and toluene 
were used as eluent at a flow rate of 0.3 mL/min at 30 °C and as an internal standard, 
respectively. The apparent molecular weights (Mn,GPC and Mw,GPC) and polydispersities 
(Mw/Mn) were determined with a calibration based on linear PS standards using PL 
Caliber Software from Polymer Laboratories. 
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3.3 Synthetic Procedure 
2,2,5-trimethyl-1,3-dioxane-5-carboxylic acid (1), allyl 2,2,5-trimethyl-1,3-dioxane-
5-carboxylate (2), allyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate (3), allyl 
5-methyl-2-oxo-1,3-dioxane-5-carboxylate (4), (2,2,5-trimethyl-1,3-dioxan-5-
yl)methanol (5), (2,2,5-trimethyl-1,3-dioxan-5-yl)methyl acrylate (6), 3-hydroxy-2-
(hydroxymethyl)-2-methylpropyl acrylate (7), (5-methyl-2-oxo-1,3-dioxan-5-
yl)methyl acrylate (8), 1-(3,5-bis(trifluoromethyl)phenyl)-3-cyclohexylthiourea 
(Cocatalyst:TU) (9), PC(acrylate20-co-allyl20) via ROP of acrylate- and allyl- 
functional cyclic carbonates (10), PC(hydroxyl20-co-allyl20) via Michael Addition of 
2-mercaptoethanol (11), PC(cysteine20-co-allyl20) via Michael Addition of N-acetyl-
L-cysteine methyl ester (12), PC(hydroxyl20-co-cysteine20) via photoinduced thiol-ene 
click of N-acetyl-L-cysteine methyl ester (13), PC(cysteine20-co-hydroxyl20) via 
photoinduced thiol-ene click of 2-mercaptoethanol (14) 
3.3.1 Synthesis of allyl functional monomer 
3.3.1.1 Synthesis of 2,2,5-trimethyl-1,3-dioxane-5-carboxylic acid (1) 
 
The 2,2-bis(hydroxymethyl) propinoic acid (16.0 g, 119.2 mmol) along with p-TSA 
(0.9 g, 4.64 mmol), and 2,2-dimethoxypropane (22.4 mL, 178.8 mmol) dissolved in 
80 mL of dry acetone, and stirred 2h at room temperature. In the vicinity of 2h, while 
stirring continued the reaction mixture was neutralized with 12 mL of totally NH4OH 
(25%), and absolute ethanol (1:5), filtered off by-products and subsequent dilution 
with dichloromethane (240 mL), and once extracted with distilled water (80 mL). The 
organic phase dried with Na2SO4, concantrated to white solid after evaporation of the 
solvent. Yield = 14.8 g (71%). 
1H NMR (500 MHz, CDCl3, δ)  4.19 (d, 2H, CCH2O), 3.69 (d, 2H, CCH2O), 1.45 (s, 
3H, OCCH3) 1.42 (s, 3H, OCCH3), 1.22 (s, 3H, (OCH2)2CCH3).  
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3.3.1.2 Synthesis of allyl 2,2,5-trimethyl-1,3-dioxane-5-carboxylate (2) 
 
Allyl alcohol (3.55 mL, 52.2 mmol) was dissolved in 100 mL of CH2Cl2 and 1 (10.0 
g, 57.47 mmol), and DMAP (3.19 g, 26.11 mmol) were added to the reaction mixture 
in that order. After stirring 5 minutes at room temperature, DCC (11.85 g, 57.49 mmol) 
dissolved in 50 mL of CH2Cl2 was added. Reaction mixture was stirred overnight at 
room temperature. Then residual byproduct was filtered and solvent was evaporated. 
The remaining product was purified by column chromatography over silica gel eluting 
with hexane/ethyl acetate (9:1) to give bright liquid Yield = 7.4 g (85 %).  
1H NMR (500 MHz, CDCl3, δ)  5.87 (m, 1H, CH2=CHCH2), 5.18-5.32 (dd, 2H, 
CH2=CHCH2), 4.61 (d, 2H, O=COCH2CH), 4.19 (d, 2H, CCH2O), 3.64 (d, 2H, 
CCH2O), 1.39 (s, 3H, (CH2O)2CCH3), 1.35 (s, 3H, (CH2O)2CCH3), 1.17 (s, 3H, 
(OCH2)2CCH3). 
3.3.1.3 Synthesis of allyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate (3) 
 
2 (7.4 g, 42.5 mmol) was dissolved in a mixture of 80 mL of THF and 80 mL of 1 M 
HCl. The reaction mixture was stirred for 2 h at room temperature. The solvent 
removed under reduced pressure until approx. 80 mL of liquid left and then extracted 
with 360 mL of CH2Cl2 and 60 mL of additional water. The organic phase was dried 
with Na2SO4 and concentrated to give bright liquid. Yield = 5.67 g, (94 %).  
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1H NMR (500 MHz, CDCl3, δ) 5.88 (m, 1H, CH2=CHCH2), 5.18-5.32 (dd, 2H, 
CH2=CHCH2), 4.63 (d, 2H, O=COCH2CH), 3.86 (d, 2H, CCH2OH), 3.69 (d, 2H, 
CCH2OH), 1.07 (s, 3H, (HOCH2)2CCH3).  
3.3.1.4 Synthesis of allyl 5-methyl-2-oxo-1,3-dioxane-5-carboxylate (4) 
 
In a 250 mL of three-neck round bottom flask were added 3 (5.67 g,  32.6  mmol) in 
100 mL of THF. The solution was cooled to 0 °C, and a solution of ethyl chloroformate 
(6.17 mL, 65.2 mmol) in 25 mL of THF was added dropwise to the reaction mixture. 
Then a solution of triethylamine (13.63 mL, 97.7 mmol) in 25 mL of THF was added 
dropwise (20 min). The white suspension was stirred for 2 h at 0 °C and subsequently 
at ambient temperature for overnight. The ammonium salt was filtered off and the 
solvent was removed under reduced pressure to give a yellowish liquid that was further 
purified by crystallization from diethyl ether to give white powder. Yield: 3.46 g 
(53%). 
1H NMR (500 MHz, CDCl3, δ) 5.92 (m, 1H, CH2=CHCH2), 5.28-5.36 (dd, 2H, 
CH2=CHCH2), 4.70 (d, 2H, O=COCH2CH), 4.68 (d, 2H, CCH2O), 4.23 (d, 2H, 
CCH2O), 1.36 (s, 3H, (OCH2)2CCH3). 
3.3.2 Synthesis of acrylate functional monomer 
3.3.2.1 Synthesis of (2,2,5-trimethyl-1,3-dioxan-5-yl)methanol (5) 
 
The 1,1,1-tris(hydroxymethyl) ethane (15.0 g, 124.8 mmol) along with p-TSA (0.10 
g, 0.50 mmol) and 2,2-dimethoxypropane (18.35 mL, 149.8 mmol) dissolved in 80 mL 
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of dry acetone, and stirred 2h at room temperature. In the vicinity of 2h, while stirring 
continued the reaction mixture was neutralized with 6 mL of totally NH4OH (25%), 
and absolute ethanol (1:5). The solvent removed under reduced pressure and 
subsequent dilution extracted with dichloromethane (240 mL) along with distilled 
water (80 mL). The organic phase dried with Na2SO4, concantrated to flavescent liquid 
after evaporation of the solvent. Yield = 19.95 g (99%)  
1H NMR (500 MHz, CDCl3, δ) 3.67 (s, 2H, CCH2OH), 3.66 (d, 2H, CCH2O), 3.61 (d, 
2H, CCH2O), 1.43 (s, 3H, (CH2O)2CCH3), 1.39 (s, 3H, (CH2O)2CCH3), 0.82 (s, 3H, 
CCH3). 
3.3.2.2 Synthesis of (2,2,5-trimethyl-1,3-dioxan-5-yl)methyl acrylate (6) 
 
In a 250 mL of single-neck round bottom flask were added 5 (10.0 g,  62.4  mmol) and 
triethylamine (21.79 mL, 156.2 mmol) in 100 mL of CH2Cl2. The solution was cooled 
to 0 °C and a solution of acryloyl chloride (6.03 mL,75.0 mmol) in 50 mL of CH2Cl2 
was added dropwise to the reaction mixture. The yellow suspension was stirred for 2 
h at 0 °C and subsequently at ambient temperature for overnight. The residue was 
filtered off and then organic phase extracted with first 1M HCl/water (100 mL) then 
diluted water (100 mL). The organic phase dried with Na2SO4, concantrated then 
purified by column chromatography over silica gel eluting with hexane/ethyl acetate 
(9:1) to give white crystals. Yield = 8.0 g (60%). 
1H NMR (500 MHz, CDCl3, δ) 6.36 (d, 1H, OCCH=CHH), 6.12 (m, 1H, CH2=CHCO), 
5.82 (d, 1H, OCCH=CHH), 4.22 (s, 2H, O=COCH2C), 3.58-3.67 (m, 4H, C(CH2O)2), 
1.41 (s, 3H, (CH2O)2CCH3), 1.37 (s, 3H, (CH2O)2CCH3), 0.84 (s, 3H, CH2CCH3). 
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3.3.2.3 Synthesis of 3-hydroxy-2-(hydroxymethyl)-2-methylpropyl acrylate (7) 
 
6 (8.0 g, 37.4 mmol) was dissolved in a mixture of 80 mL of THF and 80 mL of 1 M 
HCl. The reaction mixture was stirred for 2 h at room temperature. The solvent 
removed under reduced pressure until approx. 80 mL of liquid left and then extracted 
with 360 mL of CH2Cl2 and 60 mL of additional water. The organic phase was dried 
with Na2SO4 and concentrated to give bright liquid. (Yield = 4.0 g, 61%).  
1H NMR (500 MHz, CDCl3, δ) 6.37 (d, 1H, OCCH=CHH), 6.11 (m, 1H, CH2=CHCO), 
5.85 (d, 1H, OCCH=CHH), 4.15 (s, 2H, O=COCH2C), 3.51 (s, 4H, C(CH2OH)2), 0.84 
(s, 3H, CH2CCH3). 
3.3.2.4 Synthesis of (5-methyl-2-oxo-1,3-dioxan-5-yl)methyl acrylate (8) 
 
In a 250 mL of three-neck round bottom flask were added 7 (4.0 g,  23.0  mmol) in 
100 mL of THF. The solution was cooled to 0 °C, and a solution of ethyl chloroformate 
(4.35 mL, 45.9 mmol) in 25 mL of THF was added dropwise to the reaction mixture. 
Then a solution of triethylamine (9.62 mL, 69.0 mmol) in 25 mL of THF was added 
dropwise (20 min). The white suspension was stirred for 2 h at 0 °C and subsequently 
at ambient temperature for overnight. The ammonium salt was filtered off and the 
solvent was removed under reduced pressure to give a bright liquid that was further 
purified by crystallization from diethyl ether to give yellowish crude powder. Yield: 
3.17 g (69%). 
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1H NMR (500 MHz, CDCl3, δ) 6.43 (d, 1H, OCCH=CHH), 6.15 (m, 1H, CH2=CHCO), 
5.93 (d, 1H, OCCH=CHH), 4.33 (d, 2H, CCH2OC=OO), 4.19 (s, 2H, 
(OCH2)2CCH2O), 4.19 (d, 2H, CCH2OC=OO), 1.14 (s, 3H, (OCH2)2CCH3). 
3.3.3 Synthesis of 1-(3,5-bis(trifluoromethyl)phenyl)-3-cyclohexylthiourea 
(cocatalyst:TU) (9) 
 
Cyclohexylamine (1.85 g, 18.6 mmol) was added dropwise at room temperature to a 
stirring solution of 3,5-bis(trifluoromethyl)phenyl isothiocyanate (5.0 g, 18.5 mmol) 
in THF (20 mL). After the solution was stirred for 4 h, the solvent was evaporated. 
The white residue was recrystallized from hexane to give TU as a white powder. (Yield 
= 5.90 g, 86%).  
1H NMR (500 MHz, CDCl3, δ) 8.35 (s, 1H, ArNH), 7.70 (s, 1H, 4-ArH), 7.77 (s, 2H, 
2,6-ArH), 6.13 (s, 1H, CyNH), 4.20 (br 1H, NCyH), 2.11-1.14 (10H, Cy(H2)5) 
3.3.4 Synthesis of PC(acrylate20-co-allyl20) via ROP acrylate- and allyl- functional 
cyclic carbonates (10) 
 
PC(acrylate20-co-allyl20) copolymer was prepared by ROP of acrylate-functional 
cyclic carbonate (1.0 g, 5.0 mmol), allyl ester-functional cyclic carbonate (1.0 g, 5.0 
mmol), benzyl alcohol (25.8 µL, 0.249 mmol) as initiator and DBU (37.3 µL, 0.249 
mmol), TU (0.0920 g, 0.249 mmol) as catalyst and cocatalyst at 30 oC for 24 h. Dry 
CH2Cl2 (10 mL), vacuum dried monomers, catalysts, and initiator were added to a 25 
mL of two-necked round bottom Schlenk flask that had been flame-dried under 
vacuum and purged with argon. The reaction medium was degassed with three freeze-
pump-thaw (FPT) cycle and left in vacuum. After the polymerization, the reaction 
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mixture was concentrated and precipitated into an excess amount of cold methanol. 
The recovered polymer was dissolved in CH2Cl2, precipitated in methanol and finally 
dried under reduced pressure (Yield = 1.2 g; 61%, Mn,NMR = 8100 g/mol, Mn,GPC = 6400 
g/mol, Mw/Mn = 1.40, relative to PS standards).   
1H NMR (500 MHz, CDCl3, δ) 7.36 (m, ArH), 6.44 and 6.40 (d, C=OCH=CHH), 6.14 
and 611 (dd, C=OCH=CH2), 5.88 (m, C=OCH=CHH and CH2CH=CH2), 5.36-5.21 
(dd, CH2CH=CH2), 5.16 (s, 2H, PhCH2O), 4.64 (s, CH2CH=CH2), 4.32 (bs, CH2O of 
PC), 4.11 (bs, CH2O of PC), 1.28 (bs, CH3 of PC), 1.07 (bs, CH3 of PC). 
Mn,theo = 8100, Mn,GPC = 9100, Mn,NMR = 8100, Mw/Mn = 1.40 (relative to PS standarts). 
3.3.5 General procedures for micheal addition reactions 
Only Micheal addition of 2-mercaptoethanol and N-acetyl-L-cysteine methyl ester on 
acrylate double bond of PC(acrylate20-co-allyl20) were demonstrated. 
3.3.5.1 Synthesis of PC(hydroxyl20-co-allyl20) via Michael thiol-ene reaction of 
PC(acrylate20-co-allyl20) with 2-mercaptoethanol (11) 
 
PC (acrylate20-co-allyl20) (10) (0.30 g, 37 µmol, Mn,NMR = 8100 g/mol) was dissolved 
in 5 mL of CH2Cl2. 2-mercaptoethanol (0.26 mL, 3.7 mmol) and Et3N (0.21 mL, 1.5 
mmol) were added to the reaction mixture in that order  under nitrogen. The reaction 
mixture was stirred at room temperature for 2 h. After that time the solvent was 
removed under reduced pressure, and the concentrated mixture was precipitated into 
an excess amount of cold diethyl ether/hexane (1/3). The polymer was isolated by 
decantation and finally dried under reduced pressure (Yield = 0.32 g, 89%; Mn,GPC= 
7100 g/mol, Mw/Mn= 1.32, relative to PS standards).   
1H NMR (500 MHz, CDCl3, δ) 7.38 (m, ArH), 5.89 (m, CH2CH=CH2), 5.40-5.20 (dd, 
CH2CH=CH2), 5.18 (s, 2H, PhCH2O), 4.64 (s, CH2CH=CH2), 4.32 (bs, CH2O of PC), 
4.10 (br, CH2O of PC), 3.74 (m, SCH2CH2OH), 2.87-2.62 (m, SCH2CH2OH, C=OCH2 
CH2S, C=OCH2CH2S), 1.95 (bs, CH2OH), 1.29 (bs, CH3 of PC), 1.06 (bs, CH3 of PC). 
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3.3.5.2 Synthesis of PC(cysteine20-co-allyl20) via Michael thiol-ene reaction of PC 
(acrylate20-co-allyl20) with N-acetyl-L-cysteine methyl ester (12) 
 
PC(acrylate20-co-allyl20) (10) (0.47 g, 58 µmol, Mn,NMR= 8100 g/mol) was dissolved in 
10 mL of CH2Cl2. To the reaction mixture were added N-acetyl-L-cysteine methyl 
ester (1.03 g, 5.81 mmol) and Et3N (0.32 mL, 2.3 mmol) in that order under nitrogen. 
The reaction mixture was stirred for 2 h at room temperature. After that time the 
solution was concentrated and precipitated into an excess amount of cold diethyl 
ether/hexane (1/3; v/v). The polymer was isolated by decantation and finally dried 
under reduced pressure (Yield = 0.32 g, 89%; Mn,NMR = 11700 g/mol, Mn,GPC = 10250 
g/mol, Mw/Mn = 1.33, relative to PS standards).  
1H NMR (500 MHz, CDCl3, δ) 7.37 (m, ArH), 6.66 (bs, NH), 5.89 (m, CH2CH=CH2), 
5.22-5.36 (dd, CH2=CHCH2), 5.16 (s, PhCH2O), 4.84 (br, CHNH), 4.64 (bs, 
CH2CH=CH2), 4.32 (bs, CH2O of PC), 4.09 (bs, CH2O of PC), 3.77 (s, C=OOCH3 of 
cysteine), 3.02 (m, SCH2CHNH), 2.80 (m, CH2CH2S), 2.62 (m, C=OCH2CH2S), 2.07 
(s, NHC=OCH3), 1.29 (bs, CH3 of PC), 1.06 (bs, CH3 of PC). 
3.3.6 General procedures for radicalic thiol-ene click reactions 
Only Thiol-ene photo click of N-acetyl-L-cysteine methyl ester and 2-mercaptoethanol 
on allyl double bond of PC(hydroxyl20-co-allyl20) and PC(cysteine20-co-allyl20), 
respectively, were demonstrated. 
3.3.6.1 Synthesis of PC(hydroxyl20-co-cysteine20) via photoinduced radical thiol-
ene reaction of PC(hydroxyl20-co-allyl20) with N-acetyl-L-cysteine methyl ester 
(13) 
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PC(hydroxyl20-co-allyl20)  (0.32 g, 33 µmol, Mn,NMR= 9700 g/mol), N-acetyl-L-
cysteine methyl ester (0.59 g, 3.3 mmol), 2,2-dimethoxy-2-phenylacetophenone 
(DMPA) (16.9 mg, 65.9 µmol) and 1,4-dioxane/toluene (1/1, 6 mL)  were placed in a 
Schlenk tube. The reaction mixture was degassed by three FPT cycles, left in vacuum 
and irradiated at 365 nm by a photoreactor at room temperature. After 4 h the reaction 
mixture was concentrated and precipitated into an excess amount of cold diethyl 
ether/hexane (1/3; v/v). The polymer was isolated by decantation and finally dried 
under reduced pressure (Yield = 0.24 g, 55 %; Mn,GPC= 7600 g/mol, Mw/Mn= 1.40, 
relative to PS standards).  
1H NMR (500 MHz, CDCl3, δ) 7.38 (m, ArH), 6.68 (bs, NH), 5.16 (s, PhCH2O), 4.81 
(br, C=OCHNH), 4.35-4.00 (m, CH2O of PC and OCH2CH2CH2S), 3.79-3.76 (m, 
SCH2CH2OH, C=OOCH3), 3.00 (m, SCH2CHNH of cysteine), 2.86-2.50 (m, 
SCH2CH2C=O, SCH2CH2OH, SCH2CH2CH2, C=OCH2CH2S),  2.07 (bs, 
NHC=OCH3), 1.91 (m, CH2CH2CH2S), 1.28 (bs, CH3 of PC), 1.07 (bs, CH3 of PC). 
3.3.6.2 Synthesis of PC(cysteine20-co-hydroxyl20) via photoinduced radical thiol-
ene reaction of PC(cysteine20-co-allyl20) with 2-mercaptoethanol (14) 
 
PC (cysteine20-co-allyl20) (0.32 g, 27 µmol, Mn,NMR= 11700 g/mol), 2-mercaptoethanol 
(96.3 µL, 1.37 mmol), DMPA (7.1 mg, 28 µmol) and 1,4-dioxane/toluene (1:1, 6 mL)  
were put into a Schlenk tube. The reaction mixture was degassed by three FPT cycles, 
left in vacuum and subsequently irradiated at 354 nm by a photoreactor at room 
temperature. After 4 h the reaction mixture was concentrated and precipitated into an 
excess amount of cold diethyl ether/hexane (1/3; v/v). The polymer was isolated by 
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decantation and dried under reduced pressure (Yield = 0.22 g, 60%; Mn,GPC = 10700 
g/mol, Mw/Mn = 1.54, relative to PS standards).  
1H NMR (500 MHz, CDCl3, δ) 7.35 (m, ArH), 6.73 (bs, NH), 5.13 (s, PhCH2O), 4.80 
(br, CHNH), 4.35-3.90 (m, CH2O of PC and OCH2CH2CH2S), 3.74 (bs, CH2O), 2.99 
(br, SCH2CHNH), 2.80-2.50 (m, SCH2CH2C=O, SCH2CH2OH, SCH2CH2CH2, 
OC=OCH2CH2S),  2.04 (s, NHC=OCH3), 1.91 (m, CH2CH2CH2S), 1.25 (bs, CH3 of 
PC), 1.06 (bs, CH3 of PC). 
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4.  RESULTS AND DISCUSSION 
In this work, Micheal addition and thiol-ene click reactions were applied on a 
polycarbonate chain containing allyl and acrylate pendant groups. Orthogonality of 
these groups investigated and all steps monitored by 1H-NMR and GPC. Through all 
the synthesis “Green Chemistry” applied in which metal catalysts were not used for 
the entire reaction process. 
4.1 Synthesis of Allyl Functional Carbonate Monomer 
Allyl carbonate monomer was synthesized by 4 step organic reactions summarized at 
Figure 4.1. Each step of organic reactions purified by using one or two of the following 
techniques; extraction, column chromatography or recrystallization and consequently 
pure white powder of allyl carbonate monomer was obtained (4). 
 
Figure 4.1 : General pathway of the synthesis of allyl carbonate monomer. 
On the NMR spectrum of resultant allyl carbonate monomer (Figure 4.2) integration 
values corrected the structure of the compound. Peaks between 5.0-6.0 ppm were 
specific to allyl carbonate monomer.  
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Figure 4.2 : 1H-NMR spectrum of allyl 5-methyl-2-oxo-1,3-dioxane-5-carboxylate in 
CDCl3 (500 MHz). 
4.2 Synthesis of Acrylate Functional Carbonate Monomer 
Acrylate carbonate monomer was synthesized by 4 step organic reactions summarized 
at Figure 4.3. Each step of organic reactions purified by using one or two of the 
following techniques; extraction, column chromatography or crystallization and 
consequently pure yellowish powder of acrylate carbonate monomer was obtained (8). 
 
Figure 4.3 : General pathway of the synthesis of acrylate carbonate monomer. 
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On the NMR spectrum of resultant acrylate carbonate monomer (Figure 4.4) 
integration values corrected the structure of the compound. Peaks between 5.8-6.5 ppm 
were specific to acrylate carbonate monomer. 
 
Figure 4.4 : 1H-NMR spectrum of (5-methyl-2-oxo-1,3-dioxan-5-yl)methyl acrylate 
in CDCl3 (500 MHz). 
4.3 Synthesis of Co-Catalyst TU 
To synthesize thiourea (TU) (9) co-catalyst simply reacted two compound shown in 
Figure 4.5 which those are cyclohexylamine and 3,5-bis(trifluoromethyl)phenyl 
isothiocyanate, respectively. Cyclohexylamine was added dropwise at room 
temperature to a stirring solution of 3,5-bis(trifluoromethyl)phenyl isothiocyanate 
using THF as solvent.  
 
Figure 4.5 : Synthesis reaction of thiourea (TU). 
On the NMR spectrum of 1-(3,5-bis(trifluoromethyl)phenyl)-3-cyclohexyl thiourea 
(TU) (Figure 4.6) integration values corrected the structure of the compound. 
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Figure 4.6 : 1H-NMR spectrum of 1-(3,5-bis(trifluoromethyl)phenyl)-3-cyclohexyl 
thiourea (TU) in CDCl3 (500 MHz). 
4.4 Preparation and Characterization of Allyl and Acrylate Functional 
Polycarbonate-PC(acrylate20-co-allyl20) 
During ring-opening polymerization, all the glass materials dried with heat and purged 
from moisture so it was not affected by initiation of water. A 25 mL of round bottom 
2-necked schlenk reactor was used. Polymerization of allyl and acrylate monomers 
were initiated with benzyl alcohol. Catalyst system of DBU and TU (9) were used for 
the ROP. Polymerization mechanism demonstrated at Figure 4.7.  
 
Figure 4.7 : Polymerization mechanism of the PC(acrylate20-co-allyl20). 
Allyl carbonate (4), acrylate carbonate (8), initator and DBU, TU ratio was 
20:20:1:1:1, respectively. DCM used as the solvent and volume of the solvent was 
around 10 mL. 30 oC oil bath was prepared for the reaction. Polymerization was carried 
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out successfully under these conditions and 1H NMR spectrum (Figure 4.8) and GPC 
data (Figure 4.11) confirmed the structure. 
 
Figure 4.8 : 1H-NMR spectrum of PC(acrylate20-co-allyl20) in CDCl3 (500 MHz). 
Peak integration of spectrum based on benzyl alcohol’s -CH2 specific peak which can 
be seen at 5.16 ppm. Peak at 7.36 ppm corresponds to aromatic group of benzyl alcohol 
and integration values corrected the proper integration. Other peak integrations 
showed that each allyl and acrylate specific peaks corresponds to each monomer 
integrated to the polymer chain by 20 units per monomer. Therefore, molecular weight 
of resultant polymer is Mn,NMR = 108.14 + (200.14)x20 + (200.14)x20 = 8113.74 
(~8100) g/mol. 
4.5 Sequential Micheal Addition of 2-mercaptoethanol and Thiol-ene Photo Click 
of cysteine on PC(acrylate20-co-allyl20) 
4.5.1 Micheal addition reaction of 2-mercaptoethanol on PC(acrylate20-co-allyl20)  
The PC(acrylate20-co-allyl20) copolymer was modified with 5 equiv. of 2-
mercaptoethanol per an acrylate double bond via nucleophilic Michael thiol-ene click 
reaction catalyzed by Et3N in CH2Cl2 at room temperature for 2 h. Micheal addition 
 36 
reaction resulted in a hundred percent yield. However during the precipitation of 
polymer small amount of loss occurred which reduced the yield of reaction.  
1H-NMR spectrum of PC(hydroxyl20-co-allyl20) (Figure 4.9) and GPC data (Figure 
4.11) confirmed the successful reaction of Micheal addition of 2-mercaptoethanol. 
 
Figure 4.9 : 1H-NMR spectrum of PC(hydroxyl20-co-allyl20)  in CDCl3 (500 MHz). 
From the 1H NMR spectrum, it can be detected that the signals at 6.40, 6.13 and 5.88 
ppm assignable to the CH=CH2 protons of acrylate group disappeared completely and 
the new resonances corresponding to the SCH2CH2OH and C=OCH2CH2S protons 
appeared at 3.74, and 2.87-2.62 ppm, respectively. So molecular weight of this 
polymer calculated as Mn,NMR = 108.14 + (200.14)x20 + (200.14+78.13)x20 = 9676.34 
(~9700) g/mol. 
4.5.2 Photoinduced Thiol-ene click reaction of cysteine on PC(hydroxyl20-co-
allyl20) 
PC(hydroxyl20-co-allyl20) copolymer is further reacted  with N-acetyl-L-cysteine 
methyl ester (5 equiv per an allyl group) catalyzed by 2 equiv of DMPA in 1,4-
dioxane/toluene by irradiating at 354 nm at room temperature via radical thiol-ene 
click reaction. polymer characterized with 1H-NMR (Figure 4.10) and GPC (Figure 
4.11). 
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Figure 4.10 : 1H-NMR spectrum of the PC(hydroxyl20-co-cysteine20) co polymer in 
CDCl3 (500 MHz). 
1H NMR revealed complete disappearance of signals at 5.89 and 5.40-5.20 ppm 
assignable to the allyl CH=CH2 protons and the occurrence of new signals attributed  
 
Figure 4.11 : GPC overlay of PC(acrylate20-co-allyl20), PC(hydroxyl20-co-allyl20) and 
PC(hydroxyl20-co-cysteine20) copolymers in THF at 30
oC. 
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to the characteristic cysteine protons at 6.68 (NH), 4.81 (C=OCHNH), and 2.07 ppm 
(NHC=OCH3)  thus confirming quantitative introduction of the cysteine functionality 
onto the PC copolymer. Overall, an integrated ratio of the CH2S from 2-
mercaptoethanol (δ 2.83) to the CH2S (δ 2.67) of the cysteine also gave a 1:1 
composition of the PC(hydroxyl20-co-cysteine20) copolymer. Molecular weight of this 
polymer calculated as Mn,NMR = 108.14 + (200.14+78.13)x20 + (200.14+177.22)x20 
= 13220.74 (~13200) g/mol. From GPC measurement, Mn,GPC= 7600 g/mol and 
Mw/Mn= 1.40 were determined relative to PS standards in THF. Furthermore, the GPC 
trace of PC(hydroxyl20-co-cysteine20) copolymer displayed a shift to higher molecular 
weight region relative to its precursors while maintaining monomodal distributions.  
Table 4.1: Characteristics of PC(acrylate20-co-allyl20), PC(hydroxyl20-co-allyl20) and 
PC(hydroxyl20-co-cysteine20) copolymers 
Polymer 
Mn,GPC 
(g/mol) 
PDI 
(Mw/Mn) 
Mn,NMR 
(g/mol) 
PC(acrylate20-co-allyl20) 6400 1.40 8100 
PC(hydroxyl20-co-allyl20) 7100 1.32 9700 
PC(hydroxyl20-co-cysteine20) 7600 1.40 13200 
4.6 Sequential Micheal Addition of Cysteine and Thiol-ene Photo Click of 2-
Mercaptoethanol on PC(acrylate20-co-allyl20) 
4.6.1 Micheal addition reaction of cysteine on PC(acrylate20-co-allyl20) 
The PC(acrylate20-co-allyl20) copolymer was modified with 5 equiv. of N-acetyl-L-
cysteine methyl ester per an acrylate double bond via nucleophilic Michael thiol-ene 
click reaction catalyzed by Et3N in CH2Cl2 at room temperature for 2 h. Micheal 
addition reaction resulted in a hundred percent yield. However during the precipitation 
of polymer small amount of loss occurred which reduced the yield of reaction.  
1H-NMR spectrum of PC(cysteine20-co-allyl20) (Figure 4.12) confirmed the successful 
Micheal addition reaction of N-acetyl-L-cysteine methyl ester. 
 39 
 
Figure 4.12 : 1H-NMR spectrum of PC(cysteine20-co-allyl20)  in CDCl3 (500 MHz). 
From the 1H NMR spectrum, it can be detected that the signals at 6.40, 6.13 and 5.88 
ppm assignable to the CH=CH2 protons of acrylate group disappeared completely and 
the new resonances corresponding to the cysteine group of CHNHCOCH3, 
SCH2CHNH, CHCOOCH3, SCH2CHNH and NHCOCH3 protons appeared at 6.66, 
4.84, 3.77, 3.02, and 2.07 ppm, respectively. The molecular weight of this polymer 
calculated as Mn,NMR = 108.14 + (200.14)x20 + (200.14+177.22)x20 = 11658.14 
(~11600) g/mol. 
4.6.2 Photoinduced Thiol-ene click reaction of 2-mercaptoethanol on 
PC(cysteine20-co-allyl20) 
PC(cysteine20-co-allyl20) copolymer is further reacted  with 2-mercaptoethanol (5 
equiv per an allyl group) catalyzed by 2 equiv of DMPA in 1,4-dioxane/toluene by 
irradiating at 354 nm at room temperature via radical thiol-ene click reaction. polymer 
characterized with 1H-NMR (Figure 4.13) and GPC (Figure 4.14). 
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Figure 4.13 : 1H-NMR spectrum of PC(cysteine20-co-hydroxyl20) in CDCl3 (500 
MHz). 
1H NMR revealed complete disappearance of signals at 5.89 and 5.40-5.20 ppm 
assignable to the allyl CH=CH2 protons and the occurrence of new signals attributed  
 
Figure 4.14 : GPC overlay of PC(acrylate20-co-allyl20), PC(cysteine20-co-allyl20) and 
PC(cysteine20-co-hydroxyl20) in THF at 30
oC. 
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to the characteristic hydroxyl functional group protons at 3.72 (SCH2CH2OH) and 2.60 
ppm (SCH2CH2OH) thus confirming quantitative introduction of the 2-
mercaptoethanol onto the PC copolymer. Overall, an integrated ratio of the CH2S from 
2-mercaptoethanol (δ 2.83) to the CH2S (δ 2.67) of the cysteine also gave a 1:1 
composition of the PC(cysteine20-co-hydroxyl20) copolymer. Molecular weight of this 
polymer calculated as Mn,NMR = 108.14 + (200.14+177.22)x20 + (200.14+78.13)x20 
= 13220.74 (~13200) g/mol. From GPC measurement, Mn,GPC= 7600 g/mol and 
Mw/Mn= 1.40 were determined relative to PS standards in THF. Furthermore, the GPC 
trace of PC(cysteine20-co-hydroxyl20) copolymer displayed a shift to higher molecular 
weight region relative to its precursors while maintaining monomodal distributions. 
Table 4.2: Characteristics of PC(acrylate20-co-allyl20), PC(cysteine20-co-allyl20) and 
PC(cysteine20-co-hydroxyl20) 
Polymer 
Mn,GPC 
(g/mol) 
PDI 
(Mw/Mn) 
Mn,NMR 
(g/mol) 
PC(acrylate20-co-allyl20) 6400 1.40 8100 
PC(cysteine20-co-allyl20) 10250 1.33 11600 
PC(cysteine20-co-hydroxyl20) 10700 1.54 13200 
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5.  CONCLUSION 
In this study, we have presented a methodology containing sequential Michael and 
photoinduced radical thiol-ene click reactions for the quantitative 
multifunctionalization of PC copolymer. The orthogonal multifunctionalization of the 
acrylate and allyl functional random PC copolymer was accomplished with various 
biocompatible thiol compounds. 1H NMR and GPC analysis confirmed those structural 
modifications. From NMR spectra, it was noted that reversing the order of 2-
mercaptoethanol and N-acetyl-L-cysteine methyl ester did not affect the orthogonality 
of acrylate and allyl functionalities using sequential Michael addition- and 
photoinduced radical -thiol-ene click reactions. The use of polymerizations with 
organocatalytic systems increase the possibilities of applications of resultant 
biocompatible, biodegradable and nontoxic PC copolymers might be employed as 
materials for biomedical application. Also researches on use of metal-free click 
reactions like thiol-ene click reaction increases everyday.  
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